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Previous  r e sea rch  a t  M.I .T .  on r a p i d  c o a l  p y r o l y s i s  has d e a l t  w i t h  t h e  
k i n e t i c s  of evo lu t ion  of i n d i v i d u a l  products  a s  a func t ion  of tempera ture ,  pres- 
su re ,  p a r t i c l e  s i z e ,  r e a c t i v e  gas, and c o a l  type  (1-5). S tud ie s  e l sewhere  
have shown t h a t  c o n s t i t u e n t s  of c o a l  mine ra l  matter a f f e c t  s i g n i f i c a n t l y  o t h e r  
types  of c o a l  conversion r e a c t i o n s  (6-14). S p e c i f i c a l l y ,  c l a y s  found i n  c o a l  
have been shown t o  a f f e c t  c o a l  ca rbon iza t ion  (61, and t o  c a t a l y z e  H2 t r a n s f e r  
t o  c o a l  and c o a l  model compounds ( 7 , 8 ) .  P y r i t e ,  an  impor tan t  mine ra l  i n  East-  
e rn  U.S. coa ls ,  is a s t rong  c a t a l y s t  f o r  c o a l  hydro l ique fac t ion  (7-11), wh i l e  
c a l c i t e  promotes steam and CO g a s i f i c a t i o n  of c o a l  (12 ,13) .  Even q u a r t z ,  
though chemically i n e r t ,  a f f e c t s  hydro l ique fac t ion  by a c t i n g  a s  a d i l u e n t  t o  
agglomeration (14).  Despi te  this importance of minera l  conten t  i n  c o a l  thermo- 
chemistry,  l i t t l e  work has been done on a d d i t i v e  e f f e c t s  on r a p i d  c o a l  pyroly- 
sis. Therefore t h i s  study was conducted t o  determine s y s t e m a t i c a l l y  how t h e  
important minera ls  p re sen t  i n  c o a l  i n f l u e n c e  t h e  y i e l d s  of i n d i v i d u a l  devola- 
t i l i z a t i o n  products.  
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EXPERIMENTAL 

The c o a l  used, descr ibed  i n  Table 1, w a s  a P i t t sbu rgh  No. 8 Seam bituminous 
coa l  from t h e  I r e l a n d  Mine of t h e  Consol ida t ion  Coal Company. Mine ra log ica l  
a n a l y s i s  w a s  by Four ie r  Transform I n f r a r e d  Analys is  (FTIR) of t h e  low tempera- 
t u r e  ash  of t he  c o a l  (15). P y r i t e  conten t  w a s  n o t  measured d i r e c t l y ,  bu t  t h e  
pyr i te -by-d i f fe rence  va lue  ag rees  w e l l  w i th  measured p y r i t i c  s u l f u r  va lues  f o r  
o t h e r  s a m p l e s  from t h e  same mine (16).  
(45-53pm) and a f r a c t i o n  of t h i s  r a w  sample was r e t a ined  t o  o b t a i n  p y r o l y s i s  
d a t a  on whole coa l .  The remainder of t h e  sample was e x t r a c t e d  w i t h  concen- 
t r a t e d  HF and H C 1  t o  remove i t s  n a t i v e  c l a y s ,  c a l c i t e ,  and q u a r t z ,  and w a s  
then subjec ted  t o  f loa t - s ink  sepa ra t ion  i n  a 2.50 s p e c i f i c  g r a v i t y  f l u i d  t o  re- 
move p y r i t e .  The r e s u l t i n g  demineralized c o a l  conta ined  4.3% by weight  minera l  
matter, most of it p y r i t e .  

The c o a l  w a s  ground t o  -270+325 US mesh 

Mineral  a d d i t i v e s  r ep resen t ing  each of t h e  major mine ra l  c o n s t i t u e n t s  of 
t h i s  c o a l  were s tud ied .  These a r e  l i s t e d  i n  Table 2.  Acid-treated montmoril- 
l o n i t e ,  prepared by e x t r a c t i n g  w i t h  H C 1  a p o r t i o n  of t h e  montmor i l lon i te  samp- 
le, w a s  used t o  s tudy  t h e  e f f e c t  of s o l i d  a c i d i t y  on p o s s i b l e  c l a y  c a t a l y s i s  
of py ro lys i s .  Shale was obta ined  from t h e  P i t t s b u r g h  No. 8 Seam, and is  repre- 
s e n t a t i v e  of t h e  n a t i v e  c l ays  found i n  t h i s  coa l .  All minera l  a d d i t i v e s  were 
ground t o  2-40 u m  g r a i n  s i z e ,  and added t o  t h e  c o a l  by co-s lur ry ing  wi th  water  
i n  concent ra ted  suspension f o r  24 hours.  

A t  high temperatures and under t h e  reducing  cond i t ions  of c o a l  py ro lys i s ,  

In orde r  t o  determine whether t h e  e x t e n t  of con a c t  w i t h  the  c o a l  
c a l c i t e  and p y r i t e  w i l l  decompose t o  C a O  and p y r r h o t i t e  (FeSg+x, O<x<O.3) re- 
spec t ive ly .  
a f f e c t s  t h e  c a t a l y t i c  p r o p e r t i e s  of t h e s e  p a r t i c u l a r  minera ls ,  a d d i t i o n a l  sources 
of CaO and p y r r h o t i t e  were t r i e d  as w e l l .  FeS04, which is completely water 
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s o l u b l e ,  w a s  added t o  t h e  c o a l  by impregnation from s o l u t i o n .  Under py ro lys i s  
condi t ions  i t  should  decompose t o  p y r r h o t i t e .  C a O  was added i n  a manner s i m i -  
l a r  t o  t h a t  f o r  t h e  mine ra l  a d d i t i v e s .  

The p y r o l y s i s  appa ra tus  and procedures have been descr ibed  p rev ious ly  
(2,17,18). 
f o l d s  of a 325 US mesh s t a i n l e s s  steel  sc reen  and he ld  between two e l ec t rodes  
i n  e i t h e r  a l eng th  of g l a s s  p i p e  o r  a s t a i n l e s s  s teel  p re s su re  v e s s e l .  
c o a l  i s  heated by e l e c t r i c a l l y  hea t ing  t h e  screen .  The v e s s e l  and i t s  gas- 
eous conten ts  remain c l o s e  t o  room temperature throughout t h e  run  and thus  
t h e  v o l a t i l e s  are quenched almost i n s t an taneous ly  on escape from t h e  coa l  
p a r t i c l e s .  
useof  achromel-alumel thermocouple (75 pm bead d iameter )  pos i t i oned  wi th in  t h e  
f o l d s  of t h e  s c r e e n  a longs ide  t h e  c o a l  p a r t i c l e s .  Heat t r a n s f e r  c a l c u l a t i o n s  
show t h a t  a t  p r e s s u r e s  of 1 a t m  and hea t ing  rates of 1000 K / s  o r  less, c o a l  
particles and thermocouple beads 80 pm o r  l ess  i n  diameter c l o s e l y  follow the  
temperature of t h e  s c r e e n  and a r e  s p a t i a l l y  i so the rma l .  

B r i e f l y ,  a t h i n  h o r i z o n t a l  l a y e r  of c o a l  i s  sandwiched between t h e  

The 

The e n t i r e  t ime-temperature h i s t o r y  of t h e  sample is  recorded by 

A l l  t h e  r e a c t i o n  products  were c o l l e c t e d .  Gases and low b o i l i n g  l i q u i d s  
were trapped on l i p o p h i l i c  so rben t s  and subsequent ly  analyzed by gas  chroma- 
tography. Char w a s  determined g rav ime t r i ca l ly ,  and w a s  f u r t h e r  cha rac t e r i zed  
by elemental  a n a l y s i s .  Tar (room temperature condensibles) was co l l ec t ed  on 
a f i l t e r  a t  t h e  r e a c t o r  o u t l e t  and by a methylene ch lo r ide  wash of t h e  r e a c t o r  
i n t e r n a l s ,  and i t s  y i k l d  w a s  determined g rav ime t r i ca l ly .  T o t a l  material bal-  
ances usua l ly  exceeded 95%. 

All runs were preformed a t  hea t ing  r a t e s  of about 1000 K / s  w i t h  holding 
t imes of 0 o r  5 s a t  t h e  maximum temperature a t t a i n e d ,  and cool ing  rates of 
about 200 K / s .  These elements of t h e  t ime-temperature h i s t o r y  p e r t a i n  only 
t o  t h e  parent  sample s i n c e  t h e  v o l a t i l e s ,  once formed, r ap id ly  escape  t h e  
s a m p l e  and are quenched as mentioned above. Demineralized, ca l c i t e -p re t r ea t ed ,  
and CaO-pretreated samples were hea ted  i n  1 a t m  H e  t o  temperatures i n  the  
range 800 t o  1400 K f o r  both 0 and 5 s hold ing  t i m e s .  Other samples were 
pyrolyzed i n  helium a t  tempera tures  nea r  1300 K f o r  5 s hold ing  times, and a t  
temperatures nea r  1000 K f o r  0 s hold ing  times. I n  hydropyrolys is  runs ,  
samples were hea ted  i n  69 atm H2 t o  tempera tures  between 800 and 1400 K f o r  
t h e  demineralized c o a l ,  and t o  one temperature,  gene ra l ly  near  1100 K, f o r  
t h e  p r e t r e a t e d  samples. Only 0 s hold ing  t i m e s  were used i n  hydropyrolys is  
runs. 

RESULTS 

Pyro lys i s  i n  H e l i u m  

The t o t a l  y i e l d  of v o l a t i l e s  and t h e  y i e l d  of tar obta ined  from pyro lys i s  
of t h e  demineralized c o a l  t o  d i f f e r e n t  temperatures i n  5 s holding time runs 
are shown i n  F ig .  1. Each d a t a  po in t  r e p r e s e n t s  t h e  cumulative y i e l d  from 
one exper imenta l  run  and i s  a s s o c i a t e d  wi th  a s p e c i f i c  time-temperature h i s -  
t o ry .  The curves  r e p r e s e n t  s imple  f i r s t - o r d e r  r e a c t i o n  models f i t t e d  t o  the 
da ta ,  and are used t o  i n d i c a t e  t r ends  i n  the  d a t a .  The e r r o r  b a r s  r ep resen t  
- +1 s tandard  d e v i a t i o n  from t h e  y i e l d  c a l c u l a t e d  by t h e  f i t t e d  model. Heating 
and cool ing  rates d i d  n o t  exac t ly  reproduce from run t o  run ,  and thus  the  
hold ing  o r  peak tempera ture  obta ined  i s  n o t  n e c e s s a r i l y  a good r ep resen ta t ion  
of t h e  e n t i r e  t ime-temperature h i s t o r y  of a run. Therefore the  f i t t e d  models 
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were used t o  genera te  equ iva len t  peak o r  holding temperatures f o r  each  run. 
The model parameters were used t o  determine a c a l c u l a t e d  y i e l d  of a given 
product f o r  each a c t u a l  time-temperature h i s t o r y .  These y i e l d s  were then 
compared w i t h  y i e l d s  c a l c u l a t e d  us ing  t h e  s a m e  parameters and i d e a l i z e d  ( l i n -  
ear 1000 K/s heatup, 0 o r  5 s hold t ime, l i n e a r  200 K/s cooldown) time-temper- 
a t u r e  h i s t o r i e s .  The peak o r  holding tempera ture  of t h e  i d e a l i z e d  h i s t o r y  
having t h e  same ca lcu la t ed  y i e l d  as t h a t  of t h e  a c t u a l  h i s t o r y  was picked as 
t h e  temperature r e p r e s e n t a t i v e  of t h e  run. As a r u l e  equ iva len t  tempera tures  
f o r  d i f f e r e n t  products were wi th in  30 K of t h e  corresponding observed peak o r  
holding temperature.  

Resu l t s  f o r  r a w  c o a l  and f o r  clay-,quartz-,  and i ron -p re t r ea t ed  s a m p l e s  
a r e  shown i n  Figs.  2-5. 
i n d i c a t e  demineralized c o a l  y i e l d s ,  wh i l e  each letter r e p r e s e n t s  one run wi th  
a sample p r e t r e a t e d  wi th  a p a r t i c u l a r  minera l  o r  compound as s p e c i f i e d  i n  
Table 2. P o i n t s  l a b e l l e d  "W" r ep resen t  runs  wi th  r a w  (undemineralized) coa l .  

The curves and e r r o r  b a r s  p l o t t e d  on a l l  t h e s e  graphs 

There a r e  i n  gene ra l  few e f f e c t s  on pyro lys i s  due t o  any of t h e s e  minera ls .  
F igures  2 and 3 show t h a t  t h e  t o t a l  y i e l d  of v o l a t i l e s  and t h e  y i e l d  of tar 
are unaf fec ted  by these  a d d i t i v e s .  While t h e r e  are no p o i n t s  i n  F ig .  3 f o r  
p y r i t e  o r  F e S 0 4 ,  o the r  runs  no t  p l o t t e d  showed these  a d d i t i v e s  t o  have no 
e f f e c t  on tar y i e l d s .  
ane y i e l d s  (Fig.  4 )  a r e ,  however, s i g n i f i c a n t l y  reduced by p y r i t e  and FeS04 
("P" and "F" po in t s ) .  K a o l i n i t e  suppresses  t h e  y i e l d  of l i g h t  l i q u i d  hydro- 
carbons (Fig.  5 ,  "K" p o i n t s ) ,  which c o n s i s t  mostly of BTX range  compounds. 

Data f o r  most o t h e r  products  show similar t r e n d s .  Meth- 

Resu l t s  f o r  calcium minera ls  have been r epor t ed  previous ly  ( 1 9 ) .  To 
summarize them, both  C a O  and CaCO i n c r e a s e  char  y i e l d s ,  whi le  s t r o n g l y  de- 
c reas ing  tar y i e l d s  and s l i g h t l y  reducing y i e l d s  of o t h e r  hydrocarbon vola- 
t i l es .  Evolu t ion  of CO i s  enhanced by these  a d d i t i v e s  by a n  amount approxi- 

3 mately p ropor t iona l  t o  calcium loading. Comparison of C02 y i e l d s  from CaCO 
p r e t r e a t e d  c o a l  w i th  those  from demineralized c o a l  and pure  c a l c i t e  i n d i c a t e s  
t h a t  c a l c i t e  i n  t h e  presence  of  c o a l  decomposes y i e l d i n g  C 0 2  a t  lower temper- 
a t u r e s  than  i t  does when pyrolyzed a lone .  

Py ro lys i s  i n  Hydrogen 

3 

E f f e c t s  of minera ls  i n  hydropyrolys is  were determined i n  a similar manner t o  
Simple f i r s t - o r d e r  models w e r e  f i t t e d  t o  hydropyrolys is  t h a t  used f o r  py ro lys i s .  

d a t a  from demineralized coa l ,  and t h e  r e s u l t i n g  curves w i t h  e r r o r  b a r s  se rved  a s  
a b a s i s  of comparison f o r  t h e  da t a  from hydropyrolys is  of minera l - t rea ted  coa l s .  

Few of t h e  minera ls  were found t o  in f luence  hydropyrolys is  behavior  t o  
any s i g n i f i c a n t  ex ten t .  To ta l  y i e l d  of v o l a t i l e s  (Fig.  6 )  is no t  a f f e c t e d  
by any of t h e  a d d i t i v e s  t r i e d ,  although tar y i e l d s  a r e  reduced s l i g h t l y  by 
a d d i t i o n  of s h a l e  o r  c a l c i t e ,  and reduced s t rong ly  by a d d i t i o n  of CaO, kao- 
l i n i t e ,  o r  ac id- t rea ted  montmor i l lon i te  ( 1 7 ) .  Methane (F ig .  7 )  and e thane ,  
t h e  most impor tan t  hydropyrolys is  products  a f t e r  t a r ,  are suppressed  by addi- 
t i o n  of c a l c i t e  o r  sha le .  Carbon d iox ide  y i e l d s  a r e  s t r o n g l y  enhanced by 
t h e  calcium minera ls  (F ig .  8) .  The c a l c i t e - p r e t r e a t e d  sample i n  t h i s  ca se  
w a s  d i f f e r e n t  from the  one used f o r  py ro lys i s  i n  He, and contained on ly  14.55%; 
by weight CaC03. 
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DISCUSS I O N  

The most s t r i k i n g  p o i n t  brought ou t  i n  t h i s  s tudy  is  t h e  v a r i a t i o n  i n  
c a t a l y t i c  a c t i v i t y  e x h i b i t e d  by the  d i f f e r e n t  minera ls  p re sen t  i n  coa l .  The 
c l a y s ,  which might be  expected t o  show hydrocarbon cracking  a c t i v i t y  due t o  
t h e i r  s o l i d  a c i d i t y ,  have v i r t u a l l y  no e f f e c t  on t h e  py ro lys i s  y i e l d  s t r u c t u r e .  
The reduct ion  i n  l i q u i d  hydrocarbon y i e l d s  by k a o l i n i t e  (Fig. 5 )  might be  
a t t r i b u t a b l e  t o  secondary c racking  of t h e s e  compounds by t h i s  c lay .  The 
degree of r educ t ion  is, however, too small t o  determine t h e  products  of t h i s  
pos tu l a t ed  c racking .  I t  i s  n o t  i m e d i a t e l y  c l e a r  why k a o l i n i t e  would c rack  
l i g h t  l i q u i d s  and not c rack  tar  (F ig .  3 ) .  One poss ib l e  explana t ion  i s  t h e  
relative ease  of a c c e s i b i l i t y  of t h e  l i g h t e r  l i q u i d s  t o  the  pore s t r u c t u r e  of 
t h e  c l a y  where m o s t  o f  i t s  a c t i v e  s u r f a c e  area l ies .  The r educ t ion  i n  methane 
y i e l d s  by s h a l e  i n  hydropyro lys i s  (Fig.  7 )  i s  not  e a s i l y  expla ined .  Clays 
have been shown t o  r e t a r d  t h e  r a t e  of CH 
of cha r s  ( 2 0 ) .  
from those  of r a p i d  hydropyrolys is ,  a common under ly ing  mechanism f o r  CH 
suppress ion  might be p re sen t .  K a o l i n i t e  and ac id - t r ea t ed  montmor i l lon i te  reduce 
tar y i e l d s  i n  hydropyrolys is  (17), whi le  montmor i l lon i te  does no t .  The c l a y s  thus  
s e e m  t o  show some hydrocracking a c t i v i t y ,  which is poss ib ly  dependent on t h e i r  
s o l i d  a c t i v i t y .  

p roduct ion  i n  slow hydrogas i f i ca t ion  
While t h e  r e a c t i o n s  i n  tkat system are s u b s t a n t i a l l y  d i f f e r e n t  

y i e l d  4 

I ron - su l fu r  mine ra l s ,  p y r i t e  and FeS04, a l s o  have l i t t l e  in f luence  on 
p y r o l y s i s  behavior .  The i r  on ly  s i g n i f i c a n t  e f f e c t  on py ro lys i s  i n  H e  is  t o  
reduce C H 4  y i e l d s  (F ig .  4 ) .  
o f t h e  o t h e r  l i g h t  hydrocarbon products  are a f f e c t e d  by i ron - su l fu r  minera l  
a d d i t i o n .  
d u c t  y i e l d s  is  ve ry  s u r p r i s i n g  given t h e  known a c t i v i t y  of t hese  minera ls  
f o r  hydro l ique fac t ion .  Weller et&. ( 2 1 )  d i d  show t h a t  a p y r i t e  sample t h a t  
s t r o n g l y  enhanced l i q u e f a c t i o n  a t  250 a t m  H p re s su re  had no e f f e c t  on l ique-  
f a c t i o n  a t  69 a t m  H., t h e  p re s su re  used i n  $he p resen t  s tudy .  
e f f e c t  f o r  i ron-su lgur  c a t a l y s i s  of c o a l  hydrogenation might thus  be ind ica t ed .  
The pos tu l a t ed  a c t i v e  s p e c i e s  f o r  c o a l  hydrogenation i n  t h e  presence of i ron-  
s u l f u r  minera ls  i s  p y r r h o t i t e .  The precise s to ich iometry  of t h e  p y r r h o t i t e  
formed w i l l  be a f u n c t i o n  of t h e  hydrogen p res su re  ( 2 2 ) ,  and t h i s  s to ich iometry  
w i l l  a f f e c t  t h e  subsequent a c t i v i t y  of t he  p y r r h o t i t e  (23).  Fur ther  s tudy  
of p y r r h o t i t e  s to i ch iomet ry  and a c t i v i t y  as a func t ion  of hydrogen p res su re  is 
c l e a r l y  needed. 

This  phenomenon i s  d i f f i c u l t  t o  exp la in  a s  none 

The l a c k  o f  e f f e c t s  of i ron - su l fu r  minera ls  on hydropyrolys is  pro- 

A pres su re  

The s t rong  e f f e c t s  of calcium mine ra l s  on c o a l  p r y o l y s i s  are i n  s t r i k i n g  
c o n t r a s t  t o  t h e  comparative l a c k  of a c t i v i t y  of t h e  o t h e r  c o a l  minera ls .  While 
t h e  so l id-ac id  c l ays  show l i t t l e  cracking  a c t i v i t y ,  calcium minera ls  reduce 
t h e  y i e l d  of v o l a t i l e  hydrocarbon products  (19). In add i t ion ,  CaO and CaCO 
are e s p e c i a l l y  a c t i v e  i n  c racking  oxygen f u n c t i o n a l  groups t o  CO (19) .  A 
l a r g e  p o r t i o n  o f  bituminous c o a l  oxygen occurs  i n  a c i d i c  f u n c t i o n a l  groups 
such as  phenols or ca rboxy l i c  a c i d s ,  and t h e  s t rong ly  b a s i c  C a O  might r e a c t  
w i th  these  groups. In a d d i t i o n ,  w e  have poin ted  ou t  prev ious ly  (19 )  t h a t  t he  
r e a c t i o n s  by which phenol  decomposes homogeneously t o  CO would be  ca ta lyzed  
by a s o l i d  base.  
a l s o  been shown t o  c r a c k  over C a O  ( 2 4 ) .  
f l u e n c e  t h e  decomposition of c o a l  oxygen t o  a g r e a t e r  degree  than  would o the r  
a d d i t i v e s .  It a l s o  appears  t h a t  s o l i d  bases ,  or a t  least CaO,  a r e  good c a t a l -  
y s t s  f o r  c racking  aromat ics  o r  o t h e r  c o a l  hydrocarbon v o l a t i l e  products  (19 ,  
24). S ince  CaCO , which decomposes t o  CaO dur ing  py ro lys i s ,  i s  t h e  only coa l  
mine ra l  which g e a e r a t e s  a s o l i d  base ,  i t  is  t h e  c o a l  minera l  w i t h  the s t r o n g e s t  
i n f luence  on c o a l  p y r o l y t i c  behavior.  

Non-acidic oxygen f u n c t i o n a l  groups such as fu rans  have 
Thus s t rong  bases  would seem t o  in-  
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The e f f e c t s  of calcium minera ls  on hydropyrolys is  a r e  less easily expla ined .  
Ca lc i t e  suppresses  CH y i e l d s  (Fig.  7 )  i n  hydropyrolys is  t o  about t h e  same e x t e n t  
a s  do t h e  c l a y s .  The same s tudy  (20) t h a t  showed c l a y s  t o  reduce char  hydrogasi- 
f i c a t i o n  r a t e s  a l s o  showed c a l c i t e  t o  reduce those  rates. Why these  two groups 
Of minera ls  should have t h e  same e f f e c t s  on c o a l  hydrogen r e a c t i o n s  i s  unc lea r .  
I t  i s  noteworthy t h a t  whi le  c a l c i t e  suppresses  CHq y i e l d s ,  CaO does not .  
cussed below, t h e  CaCO presen t  i n  ca l c i t e -p re t r ea t ed  c o a l  d id  no t  decompose t o  
CaO under hydropyrolysas cond i t ions ,  and i t s  e f f e c t s  need no t  t h e r e f o r e  para l -  
l e l  those  of lime. 

4 

As d i s -  

Carbon d ioxide  y i e l d s  from CaO-pretreated c o a l s  hydropyrolyzed i n  69 atm 
H (Fig.  8) a r e  almost i d e n t i c a l  t o  those  from t h e  same sample pyrolyzed i n  1 
a t m  H e  a t  similar time-temperature h i s t o r i e s  (17),  and i n  bo th  cases  t h e  CO 
y i e l d s  are cons iderably  h ighe r  than those  from demineralized coa l .  S ince  t fe  
carbonate  conten t  of t h e  Cawpre t r ea t ed  sample was smal l ,  t h i s  excess  C 0 2  prob- 
ab ly  r e s u l t s  from acce le ra t ed  decomposition of an  as y e t  undetermined c o a l  oxy- 
gen func t iona l  group. Carbon d ioxide  y i e l d s  from c a l c i t e - p r e t r e a t e d  c o a l  under 
69 a t m  H 
c o n t r a s t s  w i th  the  py ro lys i s  behavior of t h i s  sample under 1 a t m  He (19) where, 
a t  s i m i l a r  time-temperature h i s t o r i e s ,  t h e  c a l c i t e  i t s e l f  had s t a r t e d  t o  decom- 

2 pose. 
y i e l d s  t h a t  wereno l a r g e r  than those from t h e  CaO-pretreated sample, d e s p i t e  
having 2.75 t i m e s  as much C a .  

a r e  very s i m i l a r t o t h o s e  from CaO-pretreated coa l .  This s t r o n g l y  2 

It is i n t e r e s t i n g  t o  n o t e  t h a t  t h e  c a l c i t e - p r e t r e a t e d  sample gave CO 

A s a t u r a t i o n  e f f e c t  i s  probably p re sen t .  

There i s  no d i f f e r e n c e  between p y r o l y s i s  y i e l d s  of t h e  r a w  c o a l  and t h e  
demineralized coa l .  Since 90% of the  n a t i v e  minera l  matter of t h e  c o a l  used 
cons i s t ed  of c l ays ,  p y r i t e ,  and qua r t z  (Table 1) t h i s  r e s u l t  ag rees  w i t h  t h e  
o the r  f ind ings  of t h i s  s tudy  as t o  t h e  r e l a t i v e  l a c k  of a c t i v i t y  of t h e s e  min- 
e r a l s .  It a l s o  impl ies ,  however, t h a t  t he  demine ra l i za t ion  technique  i t s e l f  
has no e f f e c t  on t h e  subsequent py ro lys i s  behavior of t h i s  bituminous coa l .  

CONCLUSIONS 

Clays and i ron - su l fu r  minera ls  have few e f f e c t s  on t h e  p y r o l y t i c  behavior  
of t h i s  bituminous coa l .  Calcium minera ls  reduce y i e l d s  of v o l a t i l e  hydrocarbon 
products ,  and enhance CO formation. C a l c i t e  and s h a l e  reduce y i e l d s  of CH i n  
coal-hydrogen r e a c t i o n s ,  wh i l e  ac id - t r ea t ed  montmor i l lon i te ,  k a o l i n i t e ,  and C a O  
reduce y i e l d s  of tar under t h e s e  cond i t ions .  I ron-su l fur  mine ra l s  have few 
c a t a l y t i c  e f f e c t s  on c o a l  hydropyro lys is  a t  H p re s su res  of 69 a t m .  
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TABLE 1 

CHAPACTERISTICS OF COAL EXWIYED 

Proximate Analysis 

wt.a i as  received) 

.Xoisture 2 . 0  

Volatile Matter 3 6 . 2  

Fixed Carbon' 5 1 . 0  

Ash 1 0 . 8  

100.0 

Petrographic Analysis 

wt.% mineral matter free 

vitrinite 8 1 . 5  

Semi-Fusinite 6 . 0  

Fusinite 2 . 5  

Micrinite 3.0 

Macrinite 1 . 2  

Exinite 5 . 2  

Resinite 0.6 
100.0 

Ultimate Analysis 

Wt.% fdmmf) wt.a id-) 

Carbon 7 1 . 7 4  8 2 . 9 1  

Hydrogen 4 . 0 4  5 . 6 5  

oxygen. 6 . 2 2  7 . 1 9  

Nitrogen 1 . 1 4  1 . 3 2  

Organic Sul fur . '  2 . 5 4  2 . 9 4  

tunera1 Matter 1 3 . 4 7  

1 0 0 . 0 0  100 .00  

M i n e r a l  Matter Analysis 

wt.a 

Kaolinite 13 

Calcite 10 

Quartz 7 

Montmorillonite 1 4  

Illite 9 

4 5  

100 

Pyrite. - 

* by difference 

**calculated from total sulfur 1 5 . 7 7 %  by weight dry coal1 and measured 
pyrite content 

TAR1.E 2 

MINERnL HATTER ADDITIVES STUDIED 

PLOTTING SYMBOL 

Kaolinite K 

M"ntm"ri1lonite M 

Ac id-Treated A 
Montmorillonite 

shale  s 
Pyrite P 

Calcite C 

ouartz 0 

CllEMlCAL 

can L 

FcSOI F 

SOURCE __ 
Mesa Alta N.MCX. 
I A P I  REF CLAY)  

Belle FoUrChC N.D 
IAPI REF CLAY) 

Made in house 
from above 

noundsville W. V R  

Moundsville W .  V I  

Sunterville FLA 

not  known 

UT. P 
MINERAL IN m E -  

OBTAINED FROM TREATED SAMPLE' 

Ward's Natural 1 1 . 9  
Science Estab. 

Ward's Natural 8 . a  
Science Estab. 

1 0 . 2  

U.S.G.S. 9 . 6  

U.S.G.S.  1 7 . 1  

Dixie Line 6 Stone 20.2 

Ilarwrd Mineralogy l E . 0  
Museum 

OBTAINED FROM 

Fisher scientific 5 . 9 . '  

Fisher Scientific 6 . 7  

* Doe8 not include 4.3% minera l  matter content of demineralized coal 

* *  A C L U ~ I  mineral in coal was mixture of 74m caioii)2 - 26a caco3 
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